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Regulation of Endothelin-1 and Endothelin Receptors
by Shear Stress in Vascular Smooth Muscle Cells
Johan Ekstrand, Anton Razuvaev, Joy Roy, Ulf Hedin.
Molecular Medicine and Surgery, Karolinska Institute,
Stockholm, Sweden
Objectives: Vascular interventional procedures often
lead to endothelial denudation exposing vascular smooth
muscle cells (SMCs) to fluid shear stress (FSS) exerted by
the flowing blood. Intimal hyperplasia has been previously
found to be influenced by Endothelin-1 (Et-1) through its
receptors A and B (Et (A)/Et (B)). This study aimed to
investigate the regulation of Et-1 and Et (A)/Et (B) by FSS
in SMCs.
Methods: Rat aortic SMCs were exposed to FSS (14
dynes/cm2, 24 h) and endothelin-associated gene expression
studied using microarrays. Cells were also were subjected to
low shear (5 dynes/cm2) or high shear (14 dynes/cm2) and
the expression of Et-1 and its receptors studiedwithRT-PCR.
Following balloon injury to the rat carotid artery, RNA was
isolated at 0-20 h after injury and expression of endothelin-
associated genes studied with microarray technology. 10 days
after injury, carotid arteries were studied by immunohisto-
chemistry (IHC) using an Et (B) receptor antibody.
Results: Array analysis showed a decrease of Et-1
mRNA with a signal log ratio (SLR) of5 (p 0.0025) in
FSS exposed SMCs in vitro. RT-PCR revealed an mRNA
quantity of 29.9% (p  0.001) and 13.3% (p  0.001) for
the low and high FSS group, respectively. Et (B) receptor
mRNA was upregulated by FSS in SMCs (SLR 4.4, p 
0.025). RT-PCR showed a consistent upregulation (p 
0.001) in the low- and high FSS groups, but no significant
dose-response effect (945.9% and 733.4% for the low- and
high FSS groups vs control, respectively). Et (A) receptor
expression was increased in the low FSS group (381.7%,
p  0.001) compared to control, but no increase was seen
in the high FSS group. Following rat carotid injury, Et (B)
receptor mRNA was upregulated at 5, 10 and 20 h by
388.3%, 495.4% and 141.9%, respectively (p 0.05). IHC
showed a prominent Et (B) receptor expression in adlumi-
nal SMCs exposed to FSS.
Conclusions: This data suggests that Et-1 and its
receptors are regulated by FSS in SMCs. Further studies of
the endothelin system in this context are warranted.Author Disclosures: J. Ekstrand: Nothing to disclose; U.
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Objectives: Edaravone (Radicut®, Mitsubishi Tanabe
Pharma Co., JAPAN), the first free-radical scavenger is
presently used for acute cerebral infarction patients. We
aimed to evaluate whether edaravone suppresses reperfu-
sion injury focusing onmitochondrial activity and glycogen
storage in the lower extremity muscles.
Methods: Male Lewis rats (508 35 gm) were admin-
istrated a preoperative intraperitoneal injection of edara-
vone (3.0 mg/kg, edaravone group, n  8) or the same
dose of saline (control group, n  8). Both common
femoral arteries were clamped for 5 hours, and then
declamped. The muscles of the bilateral lower extremities
were harvested after more 5 hours from the start of reper-
fusion. They were stained with cytochrome-c oxidant as
mitochondrial activity, and Periodic Acid Schiff (PAS) as
glycogen storage. The percentages of cytochrome-c
oxidant area and PAS area were measured and compared.
Results: The mean percentage of cytochrome-c oxi-
dant area in the edaravone group was significantly higher
than that in controls (13.3  1.2 % vs 0.8  0.1%, p 
0.01). Themean percentage of PAS area in the edaravone
group was also significantly higher than that in controls
(51.7  6.8 % vs 7.3  2.1%, p  0.001, Fig. attached).
Conclusions: Our results suggested that edaravone
might suppress reperfusion injury after leg ischemia by
keeping a high level of mitochondrial activity, resulted in
also a high level of glycogen storage in muscles.
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Ethyl Pyruvate Prevents Delayed Paralysis in a Murine
Model of Spinal Cord Ischemic Injury
Bao-Ngoc H. Nguyen, Hassan Albadawi, Robert S. Craw-
ford, Hyung-Jin Yoo, Mark F. Conrad, Richard P. Cam-
bria, Michael T. Watkins. Division of Vascular and Endo-
vascular Surgery–Massachusetts General Hospital &
Harvard Medical School, Boston, MA
Objectives: Delayed paraplegia (DP) is a problem for
patients undergoing complex repair of the thoracoabdominal
aorta. These experiments were designed to determine
whether Ethyl Pyruvate (EP), a potent anti-inflammatory
agent and antioxidant known to provide protection against
shock, sepsis and ischemia reperfusion injury, might amelio-
rate DP.
Methods: Two groups of C57BL6 mice were subjected
to 5 minutes of thoracic aortic ischemia followed by reperfu-
sion for up to 48hrs (TAR). Mice received either 300mg/kg
EP (n 12) or lactated ringers (LR, n 10) at 30min before
ischemia and 3 hrs after reperfusion. Neurologic function was
assessed using an established rodent scale. Spinal cord tissue
was analyzed formarkers of inflammation (KC, IL-6: ELISA),
anti-apoptosis (BcL-2, immunoblotting). Nissl bodies stained
motor neurons were counted in the anterior horns sections
from L1-L5 segments (cells/section). Statistical analysis uti-
lized t test and 2.
Results: All mice manifested mild transient paraplegia
immediately after surgery which completely resolved within
one hour. All mice manifested mild transient paraplegia im-
mediately after surgery which completely resolved within one
hour. All LR mice developed dense DP between 40-48hrs
reperfusion. In contrast 80% of EP mice had no DP (p 
0.005). The number of motor neurons were significantly
higher in the EP treated mice compared to LR (29  6
vs 18 4 cells p 0.04). BcL-2 expression was higher in the
EP treated animals at 24hrs reperfusion (370 49 vs 32.3
61.0 arbitrary units, p 0.01). There was a significantly lower
expression of KC and IL-6 at 48 hours reperfusion in the EP
group (KC: 2  0.8 vs 16  3 pg/mg protein, p  0.01),
(IL-6: 1.4 0.3 vs 32 9 pg/mg protein, p 0.001).
Conclusions: The protection provided by EP against
DP correlated with preservation of motor neurons, higher
anti-apoptotic molecule and decreased spinal cord inflam-
mation. EP may be a promising treatment for humans at
risk for delayed paralysis following graft replacement of the
thoracoabdominal aorta.
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tic Syndrome With and Without Involvement of Renal
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pital Duesseldorf, Dept. of Radiology, Duesseldorf, Ger-
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Objectives: Apart from case reports not much is known
about very long-term durability of (re) construction per-
formed in children for abdominal aortic coarctation (AAC).
Methods: From 1979 to 2009 44 children (21 m, 23 f,
mean age 13, SD 5, 2 y, min1/max 18y) of which 10 had
been attempted before elsewhere (PTA 9, surgery 2) under-
went surgery (by W. S.) for AAC (aorto-aorta bypass n  6;
autogenous n  28, homologous n  7 reconstruction of
renal arteries in 25 p.; aorto-renal-mesenteric grafts in 12 p. -in
2 small children replacement by paternal deep femoral vein) to
achieve normalization of vascular anatomy for healing and/or
improvement of hypertension (HBP), renal insufficiency and
claudication.
Results: After mean 114 SD 81 months 42 (95%) pa-
tients (mean age 21, 5 y) were alive (2 deaths after 7 and 12 y,
unknown cause). Ten patients had undergone a second and
3 a third operation. 39 patients were re-examined by duplex
andMRA in2009, 3without reex. because in foreign country.
Hypertension early/late after surgery was cured in 27%/53%,
improved in 34%/33% and remained unchanged in 39%/
14%. Therewere no problems at the anastomotic regions after
thoraco-abdominal Dacron grafts, while PTFE and homolo-
gous grafts were prone to develop stenosis at the proximal
anastomosis. None of the dilated vein grafts developed an
aneurysm and none of the thoraco-abdominal long length
bypass grafts prevented normal growth.
Conclusions: Reconstructive surgery for AAC in chil-
dren yields good and durable results, even if performed in
early childhood. The healing/improvement rate of HBP was
almost 90%, which is better than results reported after PTA,
but in 18% secondary/tertiary procedures became necessary.
Graft-specific problems were less than expected. However
these children should be followed closely into the adult age
and in case of remaining/recurrent and de novo significant
disease surgery should not be delayed, because HBP is the
main risk factor for early cardiovascular disease in later life.
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